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I. Relevance of the problem
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I. BACKGROUND  

❑ The management of sustaining forest ecological base, in a changing
socio-economic, demographic and political context is a challenge…

❑ Understanding wildfire behavior first at stand-level and landscape-level is 
critical to address wildfire impacts in Portuguese forest management planning

❑ Preventive silviculture management is a dynamic instrument needing 
knowledge about the localization of the critical points to address
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I. EVIDENCE | Forest species

❑ Plantations dominated by eucalypts encompass 811 thousand hectares

26% of the whole forested area

5
❑ resulting in the main forest cover type in continental Portugal



Photo:  GOIS,  Portugal | August 2017 
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EFFIS| Screen Shot 2017-08-26 

❑ Burned area of central Portugal
(red = more severity)

❑

A total of 150 thousand hectares

I. EVIDENCE | Forest fires

| PORTUGAL

August

2017

The fires have left deep wounds in 
the tight knit agricultural 

communities of central Portugal



Photo:  NASA, August 2016   
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| PORTUGAL

I. EVIDENCE | Forest fires

Greatest wildfire tragedy 

62 victims burned in cars as 

they fled!

Portugal has become a 
particularly stark case of what 
the future may hold if changes 
to land, climate and economies 
go mismanaged!

17/07/2017

| Pedrogão Grande



I. EVIDENCE | Forest fires

ERCC - ECHO Daily Map | 27/07/2017
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| Forest Fires in Southern Europe (Previous 90) 

Days 
27/07/17



I. EVIDENCE | Forest fires

*EFFIS , August 17

9

| SEASONAL TREND – TOTAL EU 

The area burned in the EU this 
year is half a million hectares❑ Burnt areas mapped in EFFIS *

Portugal with 200,000 ha represents 40% of the total!



Weather conditions

The amount of fuel

I. EVIDENCE | Forest fires

❑ Three factors comprise the fire behavior triangle :

We can lower fire risk and 
wildfire damage by 

removing or reducing
fuels in strategic 

locations…
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The area’s topography



Where to treat?
When to treat? 
How should be applied? 
Shape and size?
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II. CHALLENGES AND IDEAS



❑ reduce spatial-temporal fire exposure at landscape-level under multi-
objectives to reduce fuel accumulation

❑ support fire and forest management planning in fast-growing forest
plantations based on economic, ecological and fire prevention
criteria

❑ A multi-objective planning was performed to strategically locate fuel
treatments :
▪ to minimise losses from wildfire

▪ Meeting seasonal budget constraints for prevention activities

▪ Maximize demands for wood supply for the pulp industry

▪ maximize demands of carbon storage
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II. CHALLENGES AND IDEAS

| Purpose of the research :
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III. RESEARCH DESIGN

|Serra do Socorro (Torres Vedras, central Portugal)

▪ Eucalyptus globulus forest plantation cultivated for pulpwood by The Navigator
Company - the leading paper company in Europe.

(≈ 1449 ha) 

(≈ 174 ha )

Case study



❑ Four temporal stages
❑ 2015 (t=0) 
❑ 2018 (t=1) 
❑ 2021 (t=2) 
❑ 2024 (t=3)

❑ Set of different stages of eucalyptus plantations in Serra do Socorro
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III. RESEARCH DESIGN

Case study



II. Fire behaviour metrics (ROS & FL metrics)
(FlamMap)

I. Fuel Dynamic Trends
(Growth and Yield model, surface and canopy fuels)

(Web – Globulus/Globulus 3.0) 

III. Optimal configurations for fuel treatments 
(LTD New version) 

| Three-step approach for decision-making in eucalyptus forest
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III. RESEARCH DESIGN



| Three step approach
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III. RESEARCH DESIGN

I. Fuel Dynamic Trends

▪ Identifying fuel composition and stand conditions at temporal stage
with the assistance of the growth and yield model



Driven by: 
▪ Environmental-climatic
▪ Stand characteristics 

(management) 
▪ Biometric data

Outputs:
▪ Biometric variables 

(input FlamMap by 
canopy eq.)

▪ Dominant Height
▪ Wood volume and total 

biomass 

A. Growth and Yield model
| Simulating stand-level growth
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(Globulus 3.0., Tomé et al. 2006)



B. Dynamic fuel population

▪ The fuel model type and canopy cover (CC, %) change over time
due to planting operations, harvesting, and vegetation regrowth

▪ Identification fuel model key 
▪ Fuel load characterisation
▪ Expert knowledge from the mill´s 

pulp and paper company

Outputs:
▪ Fuel model type
▪ CC percentage
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Fernandes et al., 2009



C. Fuel dynamic trends

❑ Merchantable Timber volume (m3/ha)
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D. Fuel dynamic trends

❑ Total Biomass (Mg/ha)
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| Three step methodology
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III. RESEARCH DESIGN

II. Fire behaviour metrics

▪ Characterizing fire behaviour over time 



(Finney 2003)

FireGlobulus project January 2015

▪ Fuel and canopy cover
▪ Canopy characteristics: CBD, CBH
▪ DTM

▪ 7%  1-hour fuel moisture content (97th 
percentile weather during fire season)

▪ Wind data-32km/h, Northwest,  320º 
azimuth direction

▪ Fuel custom type

▪ Fire behaviour metrics

Inputs: fire environment fuel& weather& topography

Outputs
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C. Fire Behaviour metrics

LCP file:



| Assessing flame length over time

<3m in b)
>3 m in a)

Fuel type and fire
hazard associated?

C. Fire Behaviour metrics



| Assessing rate of spread over time

<14 m/min in c)d)
>14 m/min in a)b)

CC% asociated?

C. Fire Behaviour metrics



| Three step methodology
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III. RESEARCH DESIGN

III.  Optimal configurations for treatment locations



The Navigator  CS

Ager et al 2012

Total area treated 
(budget constrain=70ha)

Max timber volume  
(kg/m3) & carbon 
storage (Mg/ha )

Fire metrics (FL >1.5m , 
ROS>10m/min)

prioritization of project areas for fuel treatments 
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D. Optimal levels for fuel treatments
| Input LTD



Ager, A.A.; Vaillant, N.M.; McMahan, A. 2013. Restoration of fire in managed forests: a model to prioritize 

landscapes and analyze tradeoffs. Ecosphere 4:art29.
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D. Optimal levels for fuel treatments

▪ Fuel treatment 
allowance level 
intensity about 
4% for the 
whole 
landscape 

▪ 40% of the area 
within eucalypt 
plantations

| LTD simulation



|Assessing strategic fuel location - 70 ha
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IV. OUTCOMES ANALYSES 
AGGREGATE 

❑ coordination of treatment to build large patches



|Assessing strategic fuel location - 70 ha

▪ The results were 
consistent with 
observations and 
simulation results 
that show high fire 
hazard in juvenile 
eucalypt stands

▪ ROS and FL 
decrease over 
time, number of 
project decrease
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IV. OUTCOMES ANALYSES 
AGGREGATE 



|Assessing strategic fuel location  - 70 ha
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IV. OUTCOMES ANALYSES 
NON- AGGREGATE 

❑ Individual and independent fuel treatments strategy 



|Assessing strategic fuel location - 70 ha

31

IV. OUTCOMES ANALYSES 
NON- AGGREGATE 

▪ The higher pressure 
of fire behaviour in 
the earlier stages of 
the study period 
triggered most of 
the spatial fuel 
treatments within 
eucalypt plantations 
in a juvenile stage

▪ Optimazing young 
plantations vs 
mature stands



|Assessing strategic fuel location - 100 ha

▪ The number of 
available projects 
decrease over time 
as fire metrics 
decreases over 
time and do not 
surpass thresholds 
thus do no trigger 
fuel treatments 
operations
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IV. OUTCOMES ANALYSES 
AGGREGATE 



|Assessing strategic fuel location - 100 ha
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IV. OUTCOMES ANALYSES 
NON- AGGREGATE 

▪ The higher fire 
hazards belong to 
periods 2015 and 
2018 

▪ In later stages of 
the study period 
fuel treatments 
included juvenile 
eucalypts but also 
shrublands areas



| Some considerations
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V. CONSIDERATIONS 

✓ The time-investing strategies in this work present an innovation for
a optimal fuel prevention management over time, which is an
insight into real-life problems in forest planning.

✓ The planning methodology might help creating collaborative
opportunities within landowners for accomplishing objectives.
Where should The Navigator Company invest on prevention? Which stands
should be assumed for fire prevention treatment management?

✓ Forest management planning in commercial eucalypt plantations
can potentially accomplish multiple objectives such as
augmenting profits and sustaining ecological assets while
reducing wildfire risk at landscape scale.
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| Take home message…



PREVENTIVE SILVICULTURAL PRACTICES!
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